In the principle the Josephson elements have the highest cutoff frequency among all superconducting elements. In fact the nonlinear processes in these elements, as it is easy to see, for instance, from [15] or [16] , are caused by the interference of wave functions of two superconducting electrodes in the region of the junction and are not connected with relaxation processes of the parameter of the order L1. The relaxation of L1 can be very slow (according to the modern representations [17] it is characterized by the time constant of order of 10-8 s) and this should limit cutoff frequency at the level of about 10 According to [16] and [18] at any rate at T Z Tc this time is the same for S-I-S (tunnel) and S-c-S structures because
The theory of the S-c-S structures at T ~ 0 is not exist yet but according to experimental data [2] Vo for these structures is close to vo for the S-I-S structures Numerical values of fo obtained from (1 . l)-(l . 3) are in the range of 1011-1012 Hz. However not all Josephson elements have such high cutoff frequency. For instance the cutoff frequency of the S-I-S junction (1) is the plasma frequency [1] which is determined by parasitic capacitance C of the junction
The values of L1 in S-S'-S structures, for instance in bridge type structures [19] - [22] , are making damped artificially that makes values Vo lower, down to (10-6-10-5) V, i. e. makes values fo lower, down to ( 109-101 °) Hz . The values of Y° for the S-N-S structures naturally are also low [1 ] , [23] - [28] . The values of Vo for the bridges superimposed on the nickel [29] also get two-three times lower.
By exactly this reason the S-c-S junctions are the most promising superconducting nonlinear elements for the microwave range (we mean under microwaves here the short wave length portion of the centimeter waveband range and also the millimeter and submillimeter waveband range (2) ). This work is devoted to the analysis of these junctions. 1 .2 THE MODEL OF THE S-C-S JUNCTION. - We will use in the theoretical analysis of processes in the S-c-S junctions well-known « resistive » model proposed initially for description of the S-N-S structures [30] and the tunnel junctions with small capacitance [31] , [32] . The validity of this model for the S-c-S junctions at T Tc then was proved by Aslamazov and Larkin [16] . According to this model the current I through the junction is where ç is the wave function phase difference of superconducting electrodes forming the junction V the voltage across the junction.
The resistive model explaines well, as it was demonstrated many times, almost all known properties of the S-c-S junctions of dimensions 039B 03BE. Moreover this model is « ideal » in some sense because practically any deflection from it deteriorates microwave properties of the junctions.
The necessity of taking into account the fluctuations is of principle during the investigation of many properties of the junctions. It is possible to make this using the Langevin method [1] ] adding the fluctuation term If(t) to the current I through junction, If &#x3E; = 0 (3) . During the analysis we will neglect the noise of type 1/f which is unimportant in any case at frequencies % 105 Hz [13] . Then [2] so for the bridges of small dimensions [33] . In this case the value of noise may be greater than it gives the expression (1.8). However the temperature cannot be higher than eV/2 k [34] , [35] even in the most unfavourable case when the electron free path length 1 &#x3E; A. The noise is lower in case when 1 039B [36] . By this reason we will restrict the consideration during the analysis by the expression (1.8) assuming that T stands in general case for the effective temperature which can be somewhat higher than physical temperature of the junction at large bias voltages.
Sometimes taking into account the external fluctuations (interference) arising in the junction from external circuits is essential. Usualy spectral components at frequencies much lower than operating frequencies of the microwave devices (Z 108 Hz) prevail in the external fluctuations. In this case it is possible to assume that the correlation time of If is large (the noise is the If noise).
It means [37] that it is possible to calculate during the analysis any value F at the absence of the external fluctuations as a function of the bias current I and then to calculate total value F &#x3E; using the expression The distribution w(If) is assumed to be normal and it is possible to define the noise intensity as effective amplitude In/2 [38] This approach to the analysis of intrinsic and external fluctuations is common and it is well suitable for explaining of experimental results.
In further analysis we will use often for the sake of simplicity the usual variable normalization procedure according which currents, voltages, impedances, frequencies and time are taking in units of Io, Vo, R, fo (or cvo = 2 nfo) and io, respectively. Corresponding small letters are using for defining of normalized variables. The exception is made for normalized frequencies and normalized time which are defined as 03A9 or L1 (4) and t.
(4) Do not mix up with the order parameter.
Using these dimensionless variables it is possible according to (1.5) frequency úJ = 2 e V/Ii). The Josephson radiation from the S-c-S junctions was observed first in the works [41] , [42] , [43] .
If we observe the radiation from the junction to the microwave circuit with so large impedance Re in comparison with the junction resistance that the autonomy is not disturbed (re = Re/R &#x3E; 1) then according to (2.5) [44] and also in the works [43] , [45] Stratonovich [46] for the phase locking equation and then over again in the work [47] . The dependence of v &#x3E; on i which is determined by eq. (2.10) is well-known dependence [46] , [47] , [1] junctions from the resistive model (see [48] , [ [1] however the voltage fluctuations and the line bandwidths of oscillations at low bias (v 1) are increasing sharply
The theory for the tunnel junctions (not applicable to the S-c-S junctions) gives the same dependence for 0393n on rd, namely rn '" rJ [35] [13] or bias circuit [51] . To [44] , [57] . The revealing themselves of these peculiarities depends essentialy on properties of a circuit into which the junction. is inserted.
As it was mentioned in the introduction the signal acting on the nonlinear element can be expressed for the most [44] , [57] and then in [59] , [61] , [62] . This phenomenon is absent in usual parametric systems in which an occurrence of negative resistance in the absence of exact coincidence of signal and pump frequencies is possible only in the presence of other frequency components [9]- [11] .
The explanation of such « anomalous » impedance can be given in two ways and both versions being equivalent [57] . ( [64] an experimental verification of the described phenomenon for the Nb-Nb point contacts at T = 4.2 K (9). To have a possibility to observe the effect of the variation of impedance but conserving at the same time the oc regime for all frequencies except signal frequency (X-band), the contact was inserted into central conductor of half-wavelength coaxial cavity. To have small influence of such cavity to Josephson oscillations process and to have therefore possibility to use above obtained relations, it is sufficient, as it will be shown later, to have the bandwidth of the cavity much less than oscillations line width. The cavity bandwidth in our experiments was about 20 MHz while the oscillation line width was not less than 100 MHz. We have measured coefficient of reflection 1 y 2 of small microwave signal ( 10-9 W) from the cavity connected to the termination of X-band waveguide using the receiver fl5-10 having bandwidth 8 MHz.
The coefficient ! |03B3|2 is (9) Somewhat later Kanter [65] has also observed anomalous impedance effect.
where PR is the reading on the scale of the receiver, P, is the power of incident monochromatic signal, We have observed anomalous impedance in every studied contact for which we could achieve required small value of external interferences (Fig. 4) We have observed this effect experimentally [64] during the investigation of the negative impedance The experimental observation of the peculiarities of the S-c-S junctions with self-pumping corroborates very well the equivalent circuit (3. 1) and shows that the theory of parametric systems on the basis of the S-c-S junctions in the oc regime should be developed using this equivalent circuit and usual theory [9]- [11] cannot be used. Using this equivalent circuit one can calculate the characteristics including noise characteristics of any parametric system using S-c-S junction with self-pumping.
We have restricted our consideration by two systems which are interesting from practical point of view.
(i) Down-converters to frequency (1°) much less than signal frequency.
(ii) One-frequency negative resistance amplifiers. (11) We will call this regime a wide-band regime and will analize it in the first place.
Let the influence of fluctuations is small at first. Then according to (2.19 ) and using inequality (10) We shall call this frequency a «low frequency» for convenience although it could be rather high in real receiving devices. [52] . Therefore expression (3.27) can be rewritten in the form which is usual result for down-converter [10] , [11] . It was used mo instead of Wc in corresponding expression by mistake in the work [58] .
The noise properties of such down-converter can be also determined easily. Using usual method [9]- [11 ] with taking into account equalities (2.28) and (2.43) we obtain for noise temperature reduced to the input (och The down-conversion with self-pumping was observed qualitatively in works [67] , [68] and also in our experiments (from four-millimeter waveband range to 60 MHz frequency range). The minimum conversion loss equal to 11 db was obtained in the work [58] during the conversion from 34 GHz to 300 MHz frequency range using NbZr-Nb point contacts at vo N 300 jV (03A9 ~ 1/4). According to (3.28 [43] , [61] , [70] - [75] .
For the case of the absence of the noise the variation i of average current through the junction is This expression was obtained by Kanter and Vernon [61] ] and for special cases v 03A9 and v 1 even earlier in [16] and [76] respectively. We will give here the derivation of the expression (4.1) more brief than in [61 ] .
As the basis we will use the eq. (1.12) [35] , [63] , [77] , [78] .
As it will be shown later, to find limit parameters of detectors using the S-c-S junctions it is also necessary to know a value of the response at large fluctuations when the expression (4.1) is invalid completely. We will apply in this case the EFP As it follows from (4.15) the highest responsivity at low noise is reachable in the inertial region (v 
03A9) and
The similar expression was given in the work [61] . It [1] ) the connecting the external circuit to the junction produces « lowering of the i-v curve » i. e. decreasing of current i at given voltage u. These effects were observed many times experimentally [41] , [82] - [84] . More detailed consideration of them will be given in the part 5.
5. The properties of the junction at the action of large external signal. - (18) From our point of view the graphs given at figure 13 [48] , [89] are the most convenient for this purpose.
The values xm are where i(1)km is the value of the external current amplitude at which mth step becomes zero for the kth time.
(18) The effect of the appearance of Josephson steps at the i-v-characteristics is well-known [1] ] and we will not describe it here. They were observed many many times at voltages up to 15 mV (n = 103) [85] and at frequencies up to 2.5 THz [86] . The dependence (ll)max on 03A9 is also shown at figure 13 by dashed line. But [91] .
Secondly the values of steps in the resistive model oscillate passing though zero during variation of i(l) at all values of Q. If the dependence Is( cp) in real junction is différent from harmonic one even a little, then passings through zero will not take place. This problem can be solved analytically [90] , [92] for instance in the case when the impedance Zg is active and independent on frequency for all frequencies except co = 0 : ze(03A9) = re -Cte. Physically almost similar conditions take place at the insertion of the junction into a long line without reflections. Carrying out not complicated transformations we obtain which is in agreement with (4.33) at r-1e 1. As it is seen from the expression (5.7) the i-v characteristic caves in down (see figure 1 in the work [90] ) owing to the self-detection and becomes of « angle » shape in the limit case (re ~ 0)
Such « angle » is the limit for the i-v curve at decreasing of ze for any type of the load.
We obtain for the power of the radiation at the fundamental harmonic
The dependences of the maximum value of Pi with respect to re and also this optimal value of re on S2 = v are shown at figure 14 by dashed lines. It is seen from figure 14 that it is advantageous to increase Vo at fixed frequency Q untill we obtain 03A9 1 and to make line impedance equal to Then the maximum power is proportional to the critical current. So in the X-band region V03C9 ~ 2 x 10-5 V and for real junction with Io -3 mA (P1)max ~ 10-8 W. To obtain such value of the power the long line having very small impedance (re ~ 10-2 ohm) is required. Experimental results are approaching nearer and nearer this value of the power [93] . It is more convenient to match the junction with the resonator (cavity) of seires type which has at resonance frequency rh = ph/6h? where ph and Qh are wave impedance and quality respectively of the resonator. When the resonator has high quality (Qh » 1) and fluctuations are absent then the current ie can be assumed to be harmonic and the problem is identical to the external action problem. It was solved in the work [80] .
The self-detection produces the arising of narrow wells at the i-v curve with relative bandwidth Qh 1 (see Fig. 1 in the work [80] [35] , [76] , [94] , [95] . In this case fluctuations also smooth over the current step and during the analysis the expressions (2. 10) [96] , [97] (22) . The triangular wells at the i-v characteristics were observed clearly in the works [68] , [99] [98] . See also [54] . (23) In these works and also in our experiments with the conversion of 4 mm signal to X-band range the combination frequency oscillations were observed directly in contrast to the works [73] , [85] where only the steps at the i-v curve corresponding to combination frequency were observed. See also [90] .
(24) It is that low impedance owing to which they have not observed experimentally a conversion at such regime.
(25) Such representation of the conversion mechanism was given first in the work [100] .
(26) Similar expression was obtained in the works [66] , [104] . [58] , [66] , [103] . According to the communication of Kanter [66] the conversion loss about 10 dB was obtained at the conversion from 13 GHz to 60 MHz at T = 4.2 K in the work [103] . For any real junctions at T = 4.2 K (03C90/2 n) » 13 GHz i. e. 03A9 1 and the theory predicts in this case the value (G-1)min ~ 0 dB. So the mentioned experimental loss should be put down to the matching. The similar conclusion should be done for the results of the works [58] , [66] . The minimum loss 11 dB for the conversion from 34 GHz to 300 MHz was obtained in the work [58] and the losses 10 dB and 14 dB for the conversion from 90 GHz to 15 GHz and 30 MHz respectively were obtained in the work [66] . Note that in the last case the parameter S2 was comparable with unity.
The value of the NEP N 10-18 W/Hz1/2 is given also in the work [103] . It [34] , [42] , [106] , [107] . Besides the value of shunt resistance the upper frequency 03C9s untill which the shunt impedance is of order of Ra is also important parameter of the shunt. So 
